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Using Nuclide Mixtures in Nucleonica

Nuclide Mixtures:

*  Why mixtures ?
» Mixture vs. simple nuclide
—>in the real life: mainly mixtures

« Often-used module in other applications
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My Mixtures

Nuclide mixtures in
bold are Sample

Mixtures

Other mixtures are

user created

To edit click on
mixture...
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User defined nuclide mixtures

Nuclide Mixtures

Edit Upload Sample Mistures

{creats, woioad g hew Mixdure)

Natural Uranium

Fukushima ll

Fukushima spectrum

Fulushima spectrum

01

wehkorigen nuclides ¥

Cs137 /Ba137m

Ce-144 | Pr-144

Sr-90 /Y-90

Decay of 1.0e+006 Becguerel of Sr 90 f3-90 after 0.02 Years{l)
Decay of 1.0000e+6 Becguerel of 38 Sr 90 after 0.1 Years(0.0)
25137 in equilibriurn with Bat137m

Licrit

waste

Reactor Grade Pu Sample

karigen nuclides

Fukushima

HEL, highly enriched uranium

Reference manual

Getting started
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Nuclide mixtures

Wiki page (Help)

Full technical
documentation

help page on

.-" Help:Nuclide mixtures
ucleonica 54®
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Getting started

N u CI i'd e M ixt u res Reference manual

Nuclide Mixture
example: Py Mitures Edit Uplaad Sample Mixtures
natural uranium Name

Matural Uranium

Description:

1 male natural uranium (L2234, U235, LIZ238) with isotopes fractions coresponding
to the abundancies

Nuclide = Significant figures: | 4 ¥
(acia & new Muciice)

o : =T +0 0.01264 | 3.252e+19 04260

9210235 | 1.3594e+5 | 1.6583 4.338e+21 0.02264

9210238 | 2.939e+A 236.3 8.978e+23 04913

Total: 3 a.981e+A 238.0 B.022e+23 1

Element Mazs Guantity
L || 238 w2363 Update

(Sram
Becquerel
Curie

Mumber of Atoms
Mole

FReset Cance ave as Sample




nuclennlcaﬁ.' ... web driven nuclear science
. - _

A ations Data K

Nuclide Mixtures

Create

by 5 Edit Uplaad

User defined nuclide mixtures

a new mixture:

Fukushima spectrum

Fulushima spectrum

Cs137/Ba13Tm
Ce-144 /Pr-144
Sr-90 /Y-90

Reactor Grade Pu Sample

Korigen nucli

3 0jl= nf= s il mp e njls nja g njfs njE e nf nja ga ujs
SHesSsssSSSsgsasSgSsSss

'y

HEU, highly enriched uranium 06 2071, 1 h4 = |
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Create a new mixture:

Details °

In Edit tab, enter a
name for the mixture

Enter short description
E n te r CO m p O n e n tS 9 by Mistures E dit Upload Sample Mistures

Nuclide Mixtures

,(add a new nuclide)” e

« Choose a nuclide [

° Select a unit 33% U-236 and 8.7% U-238.

*  Enter the quantity

 Update grid Significant fgures:[4 =]

Save the mixture
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Create a new mixture:

Details

Py Misbures Edit Ipload Sample Miztures

Mame
my highly enriched uranium, HEU
De=cription:

isotopic compasition: 0.77%

Significant figures: I 4 |= I

Iy gl iomfamy
Muclide)

4277e-17 | 3.439e-2° 7 ] 0.087 5.940e-4

3.058e-16 1.293e-2% . X 3310e-3  3.300e-3 4.248e-3
5e-15  3521e-20 90.: .90 .802 0.03910

6.883e-14 29092e-27 : .B59e-; _ -3 0.9561

Total: 4 7.200e-14

=IN=N= = =

Element ldazs
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Zetting started

N u C I id 'E M i)(t U rES Reference mantal

My blistures Edit Upload Sample Mistures

Matmne

HELI, highly enriched uranium

Rescale feature...

Description:

igotopic compoasition: 077 % U234, 90.20% U-235, 0.33% U-236 and 8.7 % 1238

Rescale results

Nuclide
for exam p I e (acid 8 naw W lice)

971234 | 6.88347e-14 | 283248e-22 | 0.770000 7 65876e-3| 0.0077 0.956060

from 100 atoms to 1 kgl 921235 | 2.81501e-15 | 3.52050e-20 | 90.2000 0901014 | 0802000 | 0.0380883
9710 236 | 3.05835e-16 | 1.28348e-22 | 0.330000 3.31044e-3| 3.30000e-3 | 4.24781e-3
971238 | 4.27690e-17 | 3.43905e-21 | 8.70000 0.0880167 | 0.087 5.94028e-4
Total: 4 | 7.19983e-14 | 3.90727e-20 | 100,000 1.00000 | 1.00000 |1

Eletment Masz Guantity LInit
1e3 Gram

Save Mixture Reset Cance Decquerel
Curie

Mumber of Atoms
Mole




Sample Mixtures:
Pre-defined Mixtures

My bisturas

Nuclide Mixtures

Edit Uplaad Sample Mistures

Ce-144 1 Pr-144
A7 I Balavm
Fukushima spectrum

HEL!, highly enriched uranium

Matural Tharium

Matural Uraniurm

Rhb-1 1m Generatar
Reactar Grade Pu Sample

Sr-90 5-a0

02042012 14:07:29

2205202, 16:35:M

06.05.2011,1

023.04.2010,15:50:06

012, 14:51:049
010, 14:31:18

010, 13:50:08
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Create a new mixture:

Save & Download mixture

Py Mimtures Edit pload Sample Migtures

Mame My Mistures E dit Upload Sample Miztures
my highly enriched uranium, HEU

Dezcription: User defined nuclide mixtures

isotopic composition: 0.77% U-234. 90.20% U-235,

(create, upload a new Mixture)
my highly enriched uranium, HEL 06.05.2011, 141337 @

HEU, highly enriched uranium 06.05.2011, 13:.32:54

 Huclide | My Uranium B ]
: T }y) ] L1
{E'I:fﬂ 3 new |'|"J'|'.n'I:|I|'I:fE'_.| h15- 232+ CoB60 Mixtun

92 U234 | 1.762e+6 7 E50e-3  1.971e+AG Natural Uranium Save it |_; Mixtures
921U 235 7.205e+4  0.9010 i Decay of 1 Grams of
92 U236  7.827e+3 / U232+Cob0

= Mixture_my highly enriched uranium, HEL.xml
2 Mikure_Matural Uraniurn, sl

= Mixkure_UOZ siz,xml

2 Mixkure_UIOZ with 3 oeorgen isokopes, szl

92 U238 1.095e+3 Transuranics in 1 ton E

9‘, 2| Misctures_Al(Z),xml
Total: 4 1.843e+6 Hatural Thorium
ki

2 Mikures _AIC3), xml
Cs137 + Ba137m = = Mixtures _All,xml
Element Maz= All Mixtures (10)

Mixkures_All_rdF,xml
hd I . N W L ocUment:
I J My Documents

File name: I-.-1i:-:t|_JrE= my highly enriched uranium, HEL xmi j

Save as hupe: IXML Document j Cancel | f
7
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Using Nuclide Mixtures in Nucleonica

13

Exercise;

1. Create a nuclide mixture containing 100 atoms for
natural uranium with the following composition:

U-238:99.2742 atoms,

U-235: 0.7204 atoms,
U-234: 0.0054 atoms

2. Rescale the results to 1 kg (click on "Total" in the grid to
rescale the results)
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Nuclear Science Training Course with Nucleonica

1A

nuclennlcas.' ... web driven nuclear science

Applications Data Knovwledge My Preferences Print &3 Metworking =7 Mucle

_ Mass Activity Converter
Mass Activity Converter - 27 Cobalt

Current Chart: Karlsruhe

Options

1EHIG

1

i
atom

mole

Mrem
Mrem
Isotopic Power o
Isotopic Power o+ ap = 1.548e-8

Isotopic Power o+B+y Fapy= 416187




Learning Objectives

» To become familiar with basic radiological units
becquerel (Bq), curie (Ci), sievert (Sv), etc.

» To become familiar with basic radiological quantities such as activity, specific
activity, dose rate, etc.

» To understand the relationships between the basic units
 To get to know how to use the Mass Activity Convertor module in Nucleonica
to convert between different units. This requires familiarity with the Glossary,

Help, Calculator

» To strengthen the above understanding through a series of problems and
exercises.
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http://www.nucleonica.net/wiki/images/9/90/MAC_1.jpg

The mass activity calculator is a popular tool for conversion between different physical quantities (e.g. mass,
activity, number of atoms, etc.). "

e external and internal dosimetry - Mass Activity Converter
guantiies such as the gamma R 27 Cobalt

dose rate (where the distance is

re q u | re d) Current Chart: Karlsruhe

Eletnert Mass

e the committed effective doses for
inhalation and ingestion.

o w G0 Mizture selector

e the amount of heat generated — venvener | Dptions

isotopic power —  through

radioactive decay for a, a+f3, Quantity Unit
a+fB+y. 1E+H1B Activity (B

In the this example, the nuclide Co-60 is

selected. A different nuclide can be selected [Ep— : o
from the element and mass drop-down MNumber of atoms e+14  atom
menus. The default source strength is 1 MNurmber of moles 10 mole
MBg. In the unit drop-down menu, the Exposure rate at 2 m ¥

source strength is shown in becquerel (Bq), quivalent gamma dose rate in tissue at2 m .
curie (CI), number of atoms, etc. The user Committed Effective Dose Equivalent, inhalation s0= 3.100e+3 Mrem
can also select a preViOUS|y defined nuclide Committed Effective Dose Equivalent, ingestion 50 = 340.0 FIrEtm
mixture (by clicking on the Mixture selector). Isotopic P : = 1 \iatt
Further information is given in the [

Nucleonica wiki. \sotopic Power o fy



http://www.nucleonica.net/wiki/images/9/90/MAC_1.jpg
http://www.nucleonica.net/wiki/index.php/Help:Dosimetry_&_Shielding
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http://www.nucleonica.net/wiki/index.php/Help:Dosimetry_&_Shielding
http://www.nucleonica.net/wiki/index.php/Isotopic_power
http://www.nucleonica.net/wiki/index.php/Isotopic_power
http://www.nucleonica.net/wiki/index.php/Isotopic_power

Help: Nucleonica Wiki...

help page discussion wigl Source histony

o Help:Mass Activity Converter
nuclec:-mca.'.'

[Wlkl] Level Introductory, Intermediste
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Element Information

hdembershi
P B References

support
= Training Courses Mucleonica's Mass Activity Corverter

= Case Studies
® Hucleonica Support The mass activity converter iz a popular tool for conwverzion between different

tonl physical quantities (e.q9. mass, activity, number of atoms, etc.). & particularly CoB0
L uzeful feature is that in addtion to single nuclides, the mass activity calculstar M ass Acti Vity CO nverter
= Recentehanges can alzo be applied to nuclide mixtures. These nuclide mixdures can be created 10.47 m | .27 ¥
= Random page ) . ) . 27 Cobalt
weith the Muclide Mixtures module. The Convert box shoves the full list of
zearch guantities. In addition to the standard list (mass, activities, etc.), conversions can
alzo be made wsing:

Current Chart: Karlsrube

toolbox = exterral and internal dosimetry gquartities zuch as the gaimma dose rate Co &0 Mixture selecior
= ‘What links here (where the distance is required) .

= Related changes - Y
Special pages ) ) ) ) . . Corwerter | Options
Printable version u the committed effective doses for inhalation and ingestion.

Fermanent link

= the amourt of heat generated — izctopic power —through radioactive decay Qusntiy i

for o, o+, oy 1E+06 .AJ:Ii\lity {Bg)

In the akbove example, the nuclide Co-60 is selected. & different nuclide can be Py g
selected from the element and mass drop-dovwn menus. The default source Mass M=|2388e-8
strength is 1 MBqg. In the unit drop-down menu, the source strength is shown in Activity A=|1.000e+6
becquerel (Bag), curie (Ci), number of atoms, etc. The user can alzo select a Mumber of atams M=|24002+14




Basic Quantities and Relations

In this section, the basic relationships between number of atoms, mass, and activity, are developed. From these
basic quantities, additional quantities such as the gamma dose rate, the effective doses for inhalation and
ingestion and the isotopic powers can be obtained.

For an amount of material with mass in grams given by Afzss/z), the number of atoms AV is given by

N  Mass(g)

N, M
Where /4 18 Avogadro's number or Avogadro's constant (v, = 6.002214179x1047), and A 1s the atomic mass o
the nuclide. This basic relationship follows from the fact that 1 mole of any material contains Avogadro's

N
- N=Mass(g)-—2
o1 (g) o

number of atom.

The conversion of number of atoms to the number of moles is given by

Number of moles = —
N,
The conversion from number of atoms to activity, and vice versa, is obtained using

|
ActivitBg) =k-N=In2-N/t

Activit(Ci) = Activit( Bq) /3.7 - 10"

Where £, and 7 are the decay constant and half-life respectively of the nuclide. Combining the above relations,
it follows that the relation between activity and mass is given by

Activit(Bq) = (In2/7) - Mass(g)- N,/ M

nuueonlca.'.‘




Derived Quantities

19

gamma dose rate depends on the distance R from the source. For
wwon, for the evaluation of the gamma dose rate, the distance must also be specified. A default distance of
must alzo be gpecified. The default value of the threshold

Other quantities required for the calculation are the energi

adiation, and the m hsorption coetficient (
gamma and x-ray energi

The committed effect

(50) - Activit( Bq)

SN

(50) - Activity(Bq)

Finally, the isotopic power is given by

+8+y=AE . +E;+E

nucleonlca-'.’



Nuclide Selector

20

In the Mass Activity Calculator, the nuclide Co-60

is selected by default. A different nuclide can be o olemy| Mass Activity Calculator
selected from the element and mass drop-down 27 Gobalt
menus. Current Chart: Karisruhe

E i
The Nuclide Chart Button shows the location of [Co | e eture selector
the selected nuclide on the nuclide chart. To the Quantity unit
right of this, the nuclide mixture link can be used 1E+06 | Activity (Bq) Convert |

to select a nuclide mixture.

The source strength can be specified by using
the drop-down menus (see the following section).
The default source strength is 1 MBq.

In the Unit/Quantity drop-down menus, the
source strength is shown in Becquerel (Bq),
Curie (Ci), Number of Atoms, etc. This can then
be converted to other units.

nucleonlca.'.’
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Unit/Quantity Selector

The input unit can be changed in the Unit
drop down menu. The default unit is Bg.
Had the value Curie been selected, on
pressing the Convert button, the
corresponding values in grams, Bq,
number of atoms etc. are shown in the
Convert to/Quantity table.

Once the unit and quantity have been
selected in the Unit/Quantity Selector,
the source strength in other units is
given in the Convert to / Quantity table,
by pressing the Convert button. The
results are shown for 1 MBq Co-60.

Quantity

1E+06

Activity (dpm)
Mumber of atoms
Mole of atoms

PGy re rate (in air)

e rate
osure rate

mrem e(50)ing

Watt (alpha)

Watt (alpha+beta)
1 Watt (alpha+beta+gamma)

Mass

Activity

Mumber of atoms

Mumber of moles

Exposure rate at 2 m

Equivalent gamma dose rate intissue at 2 m
Committed Effective Diose Equivalent, inhalation

Committed Effective Diose Equivalent, ingestion

Isotopic Power a

Isotopic Power a+3

Isotopic Fower a+B+y

N =
N/Ng =

2400e+14
3.985e-10
0.07522
0.08425
3.100e+4

= 3.400e+3

0

= 1.548e-8

= 4161e-7

21

g

Ci

atom

male

uGEyh in air
pswih

HSv

LS

Watt

Watt

Watt




Nuclide Mixtures

Mass Activity Converter

The mass activity calculator can also Natural Uranium

be used for nuclide mixtures. In the

diagram shown, the nuclide mixture
“natural uranium” has been selected. Mixture

Matural Uranium |E| Nuclide selector

This mixture has been previously
created in the Nuclide Mixtures module
for 1 mole (of atoms) of natural
uranium containing Quantity unit

1 Maole of atoms

Converter Orptions Micture detais

0.9927 mole U-238,
7.114x10-2 mole U-235 and

Mass 238. 1
5.310x10~° mole U-234. Activity 981e+6 Bq

Mumber of atoms M= 5.022e+23 atom

Mumber of moles MIMa= 1.000 male
AS can be Seen, even 1 m0|e Of atoms Exposure rate at2 m K= 6.523e-4 HGY/h in air
of natural Uranium, with a mass of 238 Equivalent gamma dose rate in tissue at2 m 1= 7.306e-4 uSvih
gram and aCtiVity Of aImOSt 6 MBq Committed Effective Dose Equivalent, inhalation gg = 5.199a+7 HSv

. . . Co itted Effective Dose Equivalent, ingestio = 2811e+5 5

(without daughters), has a negligible :i::':m:;w S o Mﬁ
gamma dose rate and heat emission P — F,E p———
rate (ISOtOpIC pOWGf) |sotopic Power a+3+y F'-:E:-,r: 4 37 3e-6 Watt

nucleonlca.'.'
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Exercises Mass Activity Converter

1.

Calculate the specific activities of C-14 and S-357? (1.7E11 Bg/g (4.5 Cilg), 1.6E15 Bq/g (4.3E4
Cilg)).

The activity of Sr-90 is 18,000 transformations per minute. What is the mass of Sr-
907? (Ans. mass = 5.87E-11g).

Six grams of carbon from a piece of wood found in an ancient temple are analyzed
and found to have an activity of 10 transformations per minute per gram of carbon.

How many atoms of C-14 are present in the sample and what is their mass? (2.6e11
atoms, mass = 6.0E-12 g)

What is the dose rate from a 100 MBq source of Co-60 at 2m distance? (8.4 uSv/h)

The concentration of potassium (K) in humans is about 1.7 g/kg. What mass of
potassium does an average person (weight 80 kg) contain? (136 g).

« What is the atomic weight of potassium? Hint: see the sample mixture in the
Nuclide Mixtures (39.0983)

«  What is the total number of atoms of potassium? Hint: use the atomic weight
(2.09E24 atoms)

. What is the total number of atoms of K-40? Hint: use the abundance of K-40

(0.0117 atom %) given in the Mass Activity Converter or in the Datasheets (2.45E20
atoms K-40)

. What is the mass and activity of K-40 in this person? (1.62e-2 g, 4.2 kBq).

nucleonlca.'.’



